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Undernutrition is the leading risk factor for tuberculosis (TB) 
globally and in India. This multicenter prospective cohort 
analysis from India suggests that undernutrition is associated 
with increased risk of TB disease but not TB infection among 
household contacts of persons with TB.
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Globally, 10.6 million people developed tuberculosis (TB) in 
2022 [1, 2]. Undernutrition can suppress the innate and adap
tive immune response to Mycobacterium tuberculosis infection 

and is the leading risk factor for TB worldwide [1]. India ac
counted for approximately a quarter of global TB cases in 
2022 and also has a high prevalence of undernutrition [1, 3]. 
The estimated population attributable fraction (PAF) for TB re
lated to undernutrition was 45.2% in India [4]. It is unclear 
whether undernutrition increases the risk of TB infection or 
if it simply permits progression from a latent state to active 
disease.

A systematic review of 6 cohort studies in high-income 
countries found a log-linear relationship between body mass 
index (BMI) and TB incidence [5]. The authors reported a 
13.8% reduction (95% confidence interval [CI], 13.4%–14.2%) 
in tuberculosis incidence per 1 kg/m2 increase in BMI. Five 
of those 6 studies were from high income countries and may 
not be representative of high TB burden countries. A systematic 
review assessed 13 cross-sectional studies and found that being 
underweight was not associated with an increased risk of latent 
TB infection [6]. However, cross-sectional studies cannot dis
tinguish whether interferon gamma release assay (IGRA) or tu
berculin skin test positivity reflects multiple exposures or a 
single one and cannot quantify increased risk for infection after 
a recent exposure.

To understand the impact of undernutrition on TB infection 
and TB disease, we conducted a prospective cohort study 
among household contacts (HHCs) of persons with TB 
(PWTB) in India.

METHODS

Study Design, Setting, and Participants

To conduct a prospective cohort analysis, we recruited HHCs 
within 2 months of the PWTB being diagnosed. All HHCs, re
gardless of IGRA status, were screened for tuberculosis disease 
at baseline. HHCs with microbiologically confirmed prevalent 
TB by liquid culture, GeneXpert, or microscopy at enrollment 
were excluded. Participants were recruited from 5 epidemiolog
ically and geographically diverse study sites of the RePORT India 
consortium [7].

Variables

Our primary exposure was BMI at the beginning of follow-up. 
We used the World Health Organization (WHO) cutoff of 
BMI < 18.5 kg/m2 to define undernutrition. Our first outcome 
of interest was incident TB diagnosed microbiologically or clin
ically during follow-up. Participants with incident TB disease 
were treated by India’s National TB Elimination Program. 
We also used a more stringent definition of TB incidence in 
which we only included participants who were diagnosed 
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more than 90 days from enrollment to avoid including co- 
prevalent disease.

The second outcome we considered was IGRA conversion, 
which was defined as having a negative Quantiferon Gold 
Plus test at enrollment followed by a positive test >8 weeks af
terward. We defined standard IGRA conversion as having 
TB1Antigen (Ag)-Nil or TB2Ag-Nil >0.35 on a repeat IGRA 
test based on manufacturer recommendations. We also used 
a previously described stringent IGRA conversion criterion: 
TB1Ag-Nil or TB2Ag-Nil >0.70 on a repeat test [8].

Statistical Analysis

We plotted Kaplan-Meier survival curves to distinguish be
tween undernourished (BMI < 18.5 kg/m2) and well-nourished 
(BMI≥18.5 kg/m2) participants over 55 months of follow-up. 
Follow-up time was calculated from enrollment to the date of 
incident TB diagnosis, IGRA conversion, death, loss to follow- 
up, or administrative censoring, whichever came first.

Subsequently, after ascertaining that conditions were met, 
we conducted multivariable cox proportional hazards regres
sion to estimate the adjusted hazard ratio of incidence of TB in
fection and progression to TB disease among HHCs. A priori, 
we used age, sex, and human immunodeficiency virus (HIV) 
status as covariates.

RESULTS

Of the 857 HHCs enrolled, 239 (27.9%) were with BMI <  
18.5 kg/m2 and the median (IQR) BMI was 22.03 (18.25– 
25.77) kg/m2. The median (IQR) age was 29 (18–40) years, 
506 (59.04%) were female, 65 (7.58%) had alcohol use, 42 
(4.9%) were ever smokers, and 3 (0.3%) had HIV. In total, 
357 (41.7%) of participants had a household income of more 
than Rs. 10 000 ($125) per month. The median (IQR) follow-up 
period was 24 (24–34) months. There were 18 incident TB cases 
during follow-up; 10 cases were among HHCs with BMI <  
18.5 kg/m2. When applying the stringent criteria, 4 cases 
from 2 households were excluded as they occurred within 
one week of enrollment and within 2 weeks of the diagnosis 
of the index cases. All 4 participants with early TB disease 
were severely malnourished with BMI < 16 kg/m2. Of the 857 
HHCs enrolled, 377 had negative IGRAs at baseline. Of these, 
264 participants had repeat IGRAs: 56 participants had a stan
dard IGRA conversion, and 43 participants had an IGRA con
version with a more stringent criterion.

The Kaplan-Meier curve (Figure 1A) shows that undernour
ished individuals (BMI < 18.5 kg/m2) were at increased risk of 
progression to TB disease. We estimated a hazard ratio (HR) of 
3.16 (95% confidence interval [CI]: 1.25, 8.02) for TB disease in 
undernourished individuals. When using the stringent TB inci
dence definition, the HR was 1.88 (95% CI: .65–5.43). 
Univariate cox regression analysis (Supplementary Table 1) 

revealed that 1 kg/m2 increase in BMI was associated with a 
lower hazard of incident TB (HR 0.83, 95% CI: .74, .93). 
After adjusting for age, sex, and HIV status, the association be
tween BMI and incident TB disease remained significant (ad
justed hazard ratio [aHR] 0.85, 95% CI: .73, .98). When we 
considered the stringent definition of incident TB disease, the 
univariate estimate was similar, HR 0.89 (.80–1.00), but the 
confidence interval crossed unity on multivariable analysis: 
aHR 0.88 (95% CI: .76–1.02).

The survival curve did not show any clear differences in 
IGRA conversion between undernourished and well-nourished 
individuals (Figure 1B), and the hazard ratio based on log rank 
test was 1.23 (95% CI: .71, 2.13). We did not find a significant 
association between BMI and risk of IGRA conversion as de
fined by either the standard or the stringent criteria 
(Supplementary Table 1). Even after adjusting for age and 
sex, the association between BMI and IGRA conversion re
mained unchanged (aHR 0.98, 95% CI: .92, 1.04 for permissive 
IGRA conversion and aHR 0.97, 95% CI: .90, 1.04). Using the 
more stringent criterion for IGRA conversion did not change 
the association (Supplementary Table 2).

CONCLUSION

Our findings indicate that lower BMI is likely associated with 
increased risk of incident TB disease, but not necessarily in
creased risk of TB infection. These results are consistent with 
previous analyses that have demonstrated the significant and 
dose-dependent impact of undernutrition, as measured by 
BMI, on the risk of incident TB disease [5]. The insight that un
dernourished individuals are at increased risk of progression, 
not infection is crucial for developing and refining transmis
sion models of TB and for targeting interventions to mitigate 
the impact of undernutrition on the TB pandemic.

The recently published RATIONS study has demonstrated 
that nutritional support can reduce incident TB among 
HHCs by approximately 40% over a two-year period [9]. 
However, the study was conducted in a population with severe 
multidimensional poverty where 40% of participants were be
low the poverty line. The impact of nutrition on TB in less de
prived populations was unclear. In our cohort, at least 89% of 
individuals were above the poverty line, which suggests that un
dernutrition is also an important driver of TB in less impover
ished populations in India.

This analysis has several strengths. The prospective design al
lows us to assess the risk of undernutrition on the incidence of 
TB infection and disease which is not possible in retrospective 
designs due to the weight loss caused by TB disease. The multi
center design makes our data more representative and diverse 
from a demographic, socioeconomic, and biological perspective.

Our analysis of the association between nutrition and 
incident TB disease does have limitations. The sample size 
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was too small to permit subgroup analyses and limited number 
of covariates in multivariable analyses. Additionally, the 4 
HHCs who developed TB disease within a week of enrolment 
may have had co-prevalent TB that precipitated weight loss. 
In these cases, the causal relationship may have been reversed. 
That said, it is also possible that they progressed to primary tu
berculosis disease promptly after exposure due to their nutri
tionally acquired immunodeficiency. Further, we lacked data 
on some risk factors that can increase risk of TB disease: diabe
tes status, quantitative data regarding alcohol and tobacco use, 
and micronutrient deficiencies [1, 2]. Larger prospective stud
ies are needed to validate these findings and understand the in
terplay between undernutrition and other TB risk factors. 
Given that TB risk is not constant and individual risk factors 
—particularly nutritional status—are dynamic, future studies 
should collect longitudinal data and consider an extended 
cox model with time-dependent variables.

Similarly, our analysis of TB infection was limited by some 
factors. We did not have the inputs necessary to calculate the 
Mandalakas score which predicts risk of TB infection in 
HHCs [10]. Additionally, there may have been some selection 
bias as we only had follow-up IGRAs on 70% of participants 
with negative initial IGRAs. Some IGRA conversions may 
have reflected exposure to M. tuberculosis outside the 

household. Furthermore, although IGRA conversion reflects 
infection with M. tuberculosis, it is unable to determine if the 
infection has been cleared through an adaptive immune re
sponse. In future studies, transcriptomic tests may be able to 
distinguish between current and past TB infections [11].

Our findings highlight that undernourished individuals are a 
key and vulnerable population. Correcting nutritional deficits 
is likely to have an outsize impact on eliminating TB while be
ing cost-effective [9, 12]. We must prioritize operational and 
policy research to identify cost-effective nutritional interven
tions to reduce the incidence of TB disease.
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Figure 1. Survival curve of household contacts of persons living with TB showing (A) time to incident TB disease (B) time to IGRA conversion for household contacts who 
had a negative IGRA test at baseline. Abbreviations: IGRA, interferon gamma release assay; TB, tuberculosis.
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